Discrimination thresholds on the tritan axis were obtained for an extensive group of 66 stimuli: in some of the stimuli, S-cone trolands were held constant by keeping the product of the S-cone excitation level and the luminance unchanged, while in others only the luminance was changed to establish various S-cone troland values. These thresholds depended clearly on the S-cone value of the stimuli, while they remained almost constant against the retinal illumination. Thus, we noted that the excitation of the L 2 2M channel had practically no in¯uence over the discrimination threshold on the tritan axis, although this independence of DS from L 2 2M was not so obvious when the S value was high. With our data, we performed different ®ts, and found that the ®t including the terms S, L 2 2M and L 1 M adapted better to our results. q
Introduction
In recent years, many works on chromatic discrimination have been devoted not only to the calculation of discrimination thresholds, but also to the analysis of these in relation to various models of color vision. Nevertheless, although the ®rst two stages of color vision appear to be clear (the ®rst with three types of photoreceptors (L, M and S) , and the second with two opponent chromatic channels (tritan and red-green), and one nonopponent achromatic one) many unknowns remain. These include the possible in¯uences on discrimination of the different chromatic channels on each other, as well as of the luminance channel on the chromatic channels.
With respect to the discrimination along the tritan axis, Rodieck (1978) indicated that discrimination on this axis depends exclusively on the excitation of this channel, a conclusion reached also by Boynton and Kambe (1980) and Romero et al. (1993) . Nagy et al. (1987) , however, on analyzing the classical results of the chromatic discrimination presented by MacAdam (1942) , Brown and MacAdam (1949) and Wyszecki and Fielder (1971) in the cone-excitation space (derived from Boynton's (1986) model) proposed the possibility that luminance could in¯uence the discrimination threshold along the tritan axis. When Nagy et al. (1987) attempted to ®t the threshold on the tritan axis deduced from the data of MacAdam (1942) and Wyszecki and Fielder (1971) , which had been obtained for equal-luminance stimuli, the results were satisfactory for an equation similar to that proposed by Boynton and Kambe (1980) : However, Miyahara et al. (1993) and Yeh et al. (1993) indicated the possibility that this threshold may be in¯u-enced by the luminance level, although in the former study the experiments were performed at constant luminance. Meanwhile, Yeh et al. (1993) calculated the discrimination threshold of the S cone for three chromaticities and four different luminance levels, concluding that these thresholds depend on the luminance of the signal. Smith et al. (1993) con®rmed this when ®nding that thresholds for seven different chromaticities and different luminance levels between 114 and 26 td did not ®t well only as a function of S excitation. Zaidi et al. (1992) conducted a broad study on the mechanism driven by S cones. Differential thresholds of the S-cone mechanism were measured with different adaptation, comparing adaptation states that differed from one another in pure increments of S, in pure increments of L 1 M; or in variations on the light±dark axis of the diagram proposed. These researchers proposed a color plane de®ned by the S and L 1 M color axes, in addition to an equation to predict the response of the S system, where some parameters estimated from the experimental data were involved. With these data, they constructed a model that included identical multiplicative gain-control mechanisms in the S and L 1 M branches, and a post-opponent static sigmoidal nonlinearity with different amounts of compression for positive and negative opponent inputs. The experimental conditions of this study and the choice of the stimuli analyzed make comparison with other works dif®cult; nonetheless, some results, such as the increase of the DS threshold as opposed to the S, or the almost zero dependence of this threshold on the luminance (both conclusions under certain conditions) are common to other studies.
With respect to the discrepancies between studies, it must be taken into account that most results were obtained for stimuli with equal luminance, despite the fact that this is one of the parameters which needs to be studied in greater depth, as indicated by Lennie et al. (1993) . According to these researchers, there is evidence that the postreceptoral structure may be more complex than the organization of the three mechanisms mentioned above (Krauskopf et al., 1986) or that interactions may exist between the three (Guth and Moxley, 1982; Webster and Mollon, 1991; Shapiro and Zaidi, 1992) . Boynton (1986) , basing his argument on the chromaticity diagram of MacLeod and Boynton (1979) , conjectured that it is possible to calculate the excitation level of the S cone caused by a retinal illumination stimulus of 1 td by using the equation:
where x H and y H are the chromaticity coordinates obtained as a linear transformation of the Judd standard observer (Judd, 1951) , and s is the fundamental of Smith and Pokorny (1975) . According to the de®nition of Boynton and Kambe (1980) of Std, for a retinal illumination stimulus L 1 M td; we would have:
Most of the works mentioned above provide analyses of the discrimination threshold on the tritan axis, DS, for stimuli situated on a constant luminance plane: that is, the different excitation of S in each stimulus was the consequence of the various chromaticity coordinates (x H , y H ) of each of the stimuli (®rst term of Eq. (4)). However, it would be informative to analyze the DS for stimuli of different S excitations, not as a consequence of varying the chromaticity coordinates, but because the luminance of the stimuli L 1 M is different (second term of Eq. (4)).
In addition, it would be useful to analyze DS for a group of stimuli which, having the same S-cone excitation level, have different chromaticity coordinates and different luminance; that is, the two terms vary in Eq. (4) in such a way that its product is constant.
Finally, there are two more questions that we should pose concerning the threshold along the tritan axis. Firstly, whether there is red±green channel in¯uence on this threshold: although the literature reports no such in¯uence of this channel over the tritan threshold, authors such as Nagy et al. (1987) , Miyahara et al. (1993) and Romero et al. (1993) point out that, when the excitation of the S cone is high, discrimination in the tritan mechanism can be slightly affected by the excitation of the red±green channel. Secondly, whether this threshold is symmetrical: that is, whether it is the same when determined by raising or by lowering the excitation level of the S cone.
The present work addresses each of these questions. Hence, we seek to determine the discrimination threshold on the tritan axis for a broad group of stimuli, so that in some of these the S-cone excitation varies on changing the chromaticity coordinates, while in others this excitation varies on changing the luminance and, therefore, only the excitation of the red±green channel varies.
Methods

Stimuli
For the objectives posed, the choice of stimuli is fundamental. The stimuli used were distributed widely throughout the CIE1931 diagram, and these can be characterized as explained in the preceding section. The chromaticity coordinates are represented on the chromatic diagram CIE1931 (Figure 1 ) since this is one of the best-known and most widely used diagrams. As one of the parameters to study is the in¯uence of the L 1 M on the S system, the distribution in luminance of the stimuli can be understood from a transverse section of the CIE1931 diagram for each of the tritan confusion lines (Figure 2a±c) showing the location of the stimuli with respect to each other. The chromaticity thresholds of a total of 66 stimuli were studied, being situated on six different constant-luminance planes: 16 td (14 stimuli), 25 td (14 stimuli), 38 td (13 stimuli), 58 td (10 stimuli), 116 td (9 stimuli) and 127 td (6 stimuli).
The stimuli were located on the intersection points of three tritan confusion lines and 6 red±green confusion lines (Figure 1) . The tritan confusion lines were: the line in which the red±green is balanced (L 2 2M 0; oriented at 64.598), one in which this balance is skewed towards the green (908), and another towards the red (53.958). This distribution enabled us to group the stimuli for analysis according to the parameter that remained constant. Therefore, we grouped the stimuli as:
² Stimuli with the same retinal illumination value L 1 M (horizontal lines in Figure 2) ; for each tritan confusion line, we had six groups with L 1 M from 16 to 127 td. ² Stimuli with the same chromaticity coordinates (vertical lines in Figure 2) ; for each tritan confusion line, we again had six groups. In these vertical lines, the excitation of S and L 2 2M varied only because L 1 M did. ² Stimuli with the same S value (oblique lines in Figure 2) : the chromaticity coordinates of the stimulus and its retinal illumination varied, but the S excitation remained constant. In the tritan line 2, we had ®ve of these groups, with S values from 16 to 116 Std, and in the other two, four groups of stimuli with the same range of S values. ² Stimuli on the same red±green confusion line and with equal retinal illumination: 20 triads of stimuli on different tritan confusion lines but in the same position on the line.
This distribution of stimuli will enable us to analyze the tritan discrimination thresholds with respect to the variation of a single parameter. In some groups (e.g. stimuli with the same chromaticity coordinates), two parameters vary simultaneously (excitation of S and L 1 M), and in this case we could not ascertain whether the variation in DS was caused by the change in the excitation of S or by the change in retinal illumination. Therefore, we need to ®nd other groups of stimuli in which these parameters vary separately.
Experimental device
Thresholds were measured with the experimental device depicted in Figure 3 . The reference and comparison stimuli were generated in two Donaldson colorimeters, C1 and C2, the interior of each containing a halogen bulb. These Discrimination on the tritan axis: J. A. Garcõ Âa et al.
53 colorimeters illuminated, with normal incidence, a set of three ®lters which were identical in both machines, and had maximum transmittance of 455 nm for the blue ®lter, 525 nm for green and 655 nm for red (these being the primaries for each stimulus). In turn, each ®lter was coupled to an aperture diaphragm to control the passage of light and to provide a wide variety of stimuli. The primaries were mixed in an integrating cavity I, divided into two parts to make each colorimeter independent. The exit opening of this cavity maintained an angle of 28, and coincided with the same-sized opening on the hemispherical surface, the interior of which was covered with a diffusing white. In the upper part of this surface, concave for the observer, a small lamp was placed to project light uniformly over the diffusing white and thereby provide a surround ®eld of coordinates (0.532, 0.409) in the CIE1931. This surround ®eld was incorporated because, according to Miyahara et al. (1993) , the variations between the discrimination thresholds in the studies of Boynton and Kambe (1980) , Nagy et al. (1987) , and Yeh et al. (1993) , emphasize the importance not only of the experimental method used, but also of the use of surround ®elds. Following the recommendations of Miyahara et al. (1993) , the luminance of this ®eld was ®xed at 0.425 cd/m 2 , lower than 16 td (less than 25 cd/m 2 ) corresponding to stimuli with less retinal illumination. The visual ®eld that the observer saw through the arti®cial pupil proved to be completely ®lled by the surround ®eld.
The chromaticity coordinates of the surround ®eld corresponded to a yellowish hue. According to Miyahara et al. (1993) , the thresholds determined with these yellow surround ®elds were lower for lesser S values and higher for greater S values than those determined with a dark surround ®eld. In any case, DS against S continues to be an increasing monotone function.
The pairs of stimuli were simultaneously compared in a circular bipartite ®eld of 28, split by the vertical interior dividing wall of the integrating cavity. Between the exit of the cavity and the hemispherical surface was an electromagnetic shutter to control the exposure and interval times. These were ®xed according to prior results obtained in our laboratory (Hita et al., 1982) at 1 s for each exposure and 10 s between successive presentations of stimuli.
An arti®cial pupil was added in front of the observer's pupil, to precisely control the retinal illumination value of each stimulus, since this depends on the luminance of the stimulus and on the area of the pupil. The size of the pupil was established at 3 and 3.5 mm, depending on the excitation value of the S of the stimulus which we sought to obtain (3.5 mm for excitations of S of 116 Std and 3 mm for the rest). We consistently con®rmed that the observer's pupil was larger than the arti®cial pupil, even though, according to the data of Lozano (1978) and of Wyszecki and Stiles (1982) , within the luminance range of this study the size of the observer's pupil varied between approximately 4.5 and 3.6 mm.
Finally, the device had a chin rest to stabilize the observer's line of vision throughout the experimental sessions, this stability aided by the arti®cial pupil. The left eye was covered for monocular vision. 
Procedure
The only task of the observer was to judge whether the two stimuli presented simultaneously in the two ®elds were equal or not. Approximately every 10 presentations, the same stimulus was shown in the two semi-®elds. If the observer deemed the two stimuli different and they were not, if the observation position had shifted incorrectly, or if the observer was tired, the session was terminated.
The comparison stimuli presented in these experiments were on four lines intersecting at the reference stimulus. These four lines were the tritan confusion line, the redgreen and the bisectors of the angles forming the two former lines in the CIE1931 diagram. In this study, we analyzed only the thresholds obtained on the tritan confusion line; the stimuli on the other lines were also presented so that the observer would not become accustomed to the variation of the stimuli on any one given line.
The procedure that was followed consisted of two parts. In the ®rst, the observer was shown pairs of markedly different stimuli (distant from the reference stimulus). If the observer judged the stimuli as clearly different, then the difference between the stimuli was reduced for the next presentation. These sessions continued until the observer gradually delineated the zone of the threshold.
In the following sessions, we worked with a constantstimulus method. Comparison stimuli from this zone were presented to determine the threshold with greater exactitude. The stimuli varied from one end to another of this pre-established zone, closing it in according to the observer's responses until reaching the threshold of this line. The presentation of the stimuli on a line was random, to avoid a priori judgments by the observer. Each of these comparison stimuli was presented a minimum of 10 times.
To determine which of the stimuli on the tritan line corresponded to the threshold, we considered that the observer committed some error in the responses. We assumed that these errors could be due to two main causes: the inevitable experimental error, and also observer error. On the other hand, the ®rst stimuli for which the observer gave a 100% negative responses could be considered to be the threshold sought. This 100% negative responses would be an ideal case, since we must take into account the aforementioned possible errors: of the 10 times that this stimulus was presented to the observer, false responses could be given; that is, positive when it should be negative. In short, for each 10 responses, one could be false for the experimental error and another for the error of the observer. Thus, faced with the threshold stimulus, the observer would give two negative judgments out of each 10, corresponding then to a 20% negative responses.
All the experimental measurements also had an error associated, as can be seen in Figures 4±11 . If, to determine the threshold, we assume that the observer gives two false responses, we take as the error in the measurement one false response more or one less; that is, in each 10 responses, the error interval would be between one and three false responses, which corresponds to an interval between stimuli with 10 and 30% negative judgments.
The experimental sessions began with a 10-min session of the subject observing an adapting ®eld, as described above, and proceeded with the juxtaposition of the comparison and reference stimuli. The taking of the experimental measurements required approximately 15 min, and so the session lasted a total of 25 min.
The analysis of the thresholds obtained (two on the tritan confusion line, one to each side of the reference stimulus) was made in the cone-excitation space. The transformation of the coordinates of the stimuli from the CIE1931 diagram to the cone-excitation diagram was performed according to the relationship proposed by Smith and Pokorny (1975) between the spectra of the cone activity, and the colormatching functions modi®ed by Judd (1951) :
expressions with which it is now possible to calculate the L, M and S values of a spectral-radiance stimulus R l ; knowing:
In the cone-excitation diagram derived from this model of Boynton (1986) , a variation in ordinates represents a change in the S-cone excitation, and therefore in this model the terms tritan and channel axis or S mechanism coincide. Also, according to Boynton's de®nition made from the CIE1931 diagram, all the stimuli found on the lines originating at point F (1, 0) maintain the S-excitation level constant, while, if stimuli are found over the lines originating at T (0.175, 0), then the excitation of L 2 2M does not vary. This was intended in choosing the stimuli for the present work.
Observers
Two observers participated in these experiments, AY and JA, a female and male, 27 and 38 years old, respectively. Before beginning the experimental sessions, both subjects were submitted to a battery of tests to detect any anomalies in color vision: the Ishihara test, the test of the Medical College of Tokyo, Farnsworth D-15 test and the Pickford±Nicholson anomaloscope. According to these tests, the two observers had normal color vision. Both observers were ametropes (myopes) with correct compensation. 
Results and discussion
Symmetry of the tritan threshold
Due to the experimental method used, for each of the stimuli analyzed, we obtained two thresholds on the tritan confusion line, one with S-cone excitation stimuli greater than that of the reference stimulus (bluer stimuli) and the other with stimuli of less excitation (yellower). Thus, after viewing 66 stimuli, each observer had a total of 132 thresholds on the tritan confusion line. Certain differences appeared between the two thresholds, but there were a number of common characteristics and trends which suggest the possibility of considering the mean value of the thresholds obtained on the two sides of the line to be the threshold on the tritan confusion line. Figure 4 shows three examples of the two thresholds obtained on the tritan line, with their corresponding associated errors, and the mean value of the two for three sets of stimuli against the diverse parameters. In the ®rst graph, the Discrimination on the tritan axis: J. A. Garcõ Âa et al. 63 DS thresholds of a set of stimuli with L 1 M 16 td are represented against S for the observer JA, and it was con®rmed that the DS values were similar on both sides of the line, and thus, it would be more appropriate in this case to work with the mean value of the two. In the second graph, the data are for observer AY, and the set of stimuli chosen are maintained constant and equal at 58 Std by the S excitation. The threshold remains almost constant against L 1 M up to 116 td, after which value it increases. This increase is more evident when the S-cone excitation of the stimuli is greater than that of the reference stimulus. In the last graph, the set of stimuli has the same chromaticity coordinates and between them L 1 M varies, and therefore S also varies. In any case, given the results and taking into account the associated errors, it appears that all the thresholds follow the same trends, especially when the S value is low. The other thresholds determined followed the same patterns as in Figure 4 , without the S-cone excitation level appearing to cause the DS threshold to be greater on one side of the tritan confusion line than on the other. Therefore, it appears correct to discuss the results while using the mean value of the DS threshold on both sides, since one of the aims of the present work is to analyze the possible in¯u-ences upon the threshold on the tritan axis, and, according to our analyses, these in¯uences are the same as on any of the DS thresholds and also on its mean value.
Analysis of DS against S at constant luminance
Figures 5 and 6 show some of the DS thresholds obtained versus the S-cone excitation. In the three graphs of each ®gure, the set of stimuli represented has the same level of retinal illumination (16 td in Figure 5 , and 58 td in Figure  6 ). The situation of the stimuli is depicted with a thick line in the gridded sketch at the right. In each ®gure, the graphics are differentiated by their respective tritan confusion lines.
Both ®gures show clearly, as in the rest of the results, that the DS discrimination threshold grows with the S-cone excitation, this happening with any level of retinal illumination. This ®rst ®nding was reported by Rodieck (1978) , and con®rmed by later works by Boynton and Kambe (1980) , Nagy et al. (1987) and Romero et al. (1993) . Yeh et al. (1993) further indicated that this increase accentuated when the S value exceeded 100±200 Std. In our case, this rise over these values was barely appreciable, since we had no S excitation greater than 116 Std.
The results show that the DS discrimination threshold increased with increased luminance, in agreement with Yeh et al. (1993) . Nevertheless, in the ®gures, no difference is apparent between the thresholds, depending on the direction in which the red±green balance is upset. The results of the observers AY and JA are similar, both revealing the same trends. The small differences between the two diminish on reducing the luminance and the S excitation. In Figure 5 , the results of both observers are practically equal up to 38 Std, with slightly greater differences above this value. The small differences between the thresholds of the two observers are within the normal variability for these types of psychophysical experiments and for interobserver variability, according to Garcõ Âa et al. (1993) .
Analysis of DS versus S for the same chromaticity coordinates Figure 7 shows the DS discrimination thresholds against the S excitation for the same chromaticity coordinates, with which the variations in S are caused by changes in the retinal illumination of the stimuli (see gridded sketch). The ®ve graphs of the ®gure correspond to the ®ve coordinate pairs along the tritan confusion line in which the red-green balance is sustained.
The most notable characteristic in this ®gure is the clear increase in DS with S. This conclusion can also be drawn from the results of Yeh et al. (1993) and Smith et al. (1993) , who reported an increase in DS against S under similar conditions (equal chromaticity coordinates and different levels of retinal luminance) to those analyzed in this section. The rise in our thresholds is clearer from an S value of 60 Std, although over this value, we have only an S excitation of 116 Std.
As noted previously, the results corresponding to different tritan lines were similar and, therefore, it appears that the red-green balance does not in¯uence the trends of the DS threshold against S. The thresholds corresponding to AY were somewhat higher than those of JA, although their results are similar except for strongly blue stimuli (quotient S=L 1 M high), which presented the observers with dif®-culties. Zaidi et al. (1992) reported an increase of the detection threshold of DS as opposed to S as the excitation of the S in the¯ash test diverges from the adapting stimulus, giving rise to a curve in the form of a ªVº. The right part of the graph corresponds to the stimuli with greater S values than in the adapting ®eld, and the left part to stimuli for which the excitation of the S cone is less. In our case, on having a surround with very weak luminance and a low S value, all the stimuli analyzed have greater S excitation than has the adapting stimulus. Thus, our graphs show only the equivalent of the right part of the graphs in Zaidi et al. (1992) , and therefore the fact that, according to our data, DS increases in relation to S is consistent with the results of these authors.
Analysis of DS with S constant and simultaneous variations in luminance and chromaticity coordinates Figures 8 and 9 show L 1 M against the DS threshold of the sets of stimuli with different chromaticity coordinates and retinal illumination, but maintaining the S-cone excitation constant. In Figure 8 , the S value is equal to 116 Std and Discrimination on the tritan axis: J. A. Garcõ Âa et al.
in Figure 9 , 16 Std. As before, the gridded sketch illustrates the situation of the group of stimuli analyzed.
In Figure 8 , two graphs have notable irregularity with respect to L 1 M of the thresholds obtained, probably caused by the limitations of the experimental device at such high retinal illumination stimuli (around 130 td), since it was dif®cult to ®nd stimuli close enough together to calculate these thresholds. Some authors, such as Mollon and Polden (1977) suggest that these irregularities may be caused by a saturation of the corresponding mechanism for high excitation (in Figure 8 , the excitation of the S cone is 116 Std), but we do not believe that this is the cause for those that appear in our ®gure, since the stimuli did not appear for enough time to saturate the mechanism.
The rest of the results for any observer show a clear constancy with L 1 M when the S excitation remains invariable, as in the ®gures. This was also observed by Zaidi et al. (1992) , despite the fact that the aims and the experimental conditions of their work were markedly different from ours.
These ®gures also show that the DS threshold is higher with the greater S values, this being consistent with the commentary in the preceding section. For example, for the thresholds along the tritan line skewed towards the red, the constant DS value changes from approximately 9 to 2.5 Std when S varies from 116 to 16 Std. It is also striking that the constancy of the thresholds is much clearer as the S value diminishes, although in this sense the fact that there are fewer stimuli in the graphs also has an in¯uence (see gridded sketch) and thus there are fewer opportunities for irregularities to appear.
As before, the results of the two observers (AY and JA) are similar in terms of trends, and, for the lower S-excitation values, practically equal. It appears that the red±green balance did not in¯uence the threshold, since on removing the irregularities found when S 116 Std; we detected no differences between the graphs and the results corresponding to the different tritan confusion lines, as seen, for example, in Figure 9 .
Analysis of D S versus the excitation of the red±green channel
To analyze a possible interaction of the L 2 2M chromatic channel on the tritan mechanism (S), we represented our experimental DS thresholds against the excitation of the red±green mechanism. For example, each graph in Figures 10 and 11 represents the three stimuli found in the same position on each of the three tritan confusion lines analyzed. In each graph, the stimuli have the same retinal illumination, and in the ®gure, we grouped the graphs with the same S excitation (in this case S 38 and 16 Std, respectively).
The stimulus for which L 2 2M 0 is generally an extreme of the graph, which is more visible for the greater S-excitation values; nevertheless, when S takes a value of 16 or 7 Std, the straight lines are practically¯at for both observers. If we took into account only the lower S values, we could almost ensure the independence of DS from L 2 2M; as concluded by Boynton and Kambe (1980) . However, when the S excitation is greater, this independence is not so evident. This agrees with the results of Romero et al. (1993) , who reported that the independence of DS against L 2 2M is clear for low and moderate S values, although some of their observers revealed a rise in the thresholds for the highest S thresholds. In addition, Miyahara et al. (1993) , after statistical analysis of their results, supported the idea of independence of the chromatic channels in discrimination, but afterwards found that these results were not consistent with discrimination of the S cone depending exclusively on the S excitation.
In our ®gures, we again ®nd that the DS thresholds are higher in the graph corresponding to S 38 Std than in that of S 16 Std; which is also observed in other results (increased DS with S). However, most notably, the constancy noted with low S values is also found with higher S values when the retinal illumination is very low.
Proposal of an equation of ®t for D S
According to our analyses, the threshold of DS discrimination rose with S excitation, both when L 1 M was maintained constant and when only the chromaticity coordinates of the stimuli were maintained invariant. In addition, the DS threshold remained practically constant when the S excitation did not vary. With respect to the in¯uence of the L 2 2M channel on DS, it appears that DS is independent of the excitation of the red±green mechanism, although as the S-cone excitation increased, this independence was not at all clear.
As mentioned above, our experimental measurements agree with those of Boynton and Kambe (1980) and Romero et al. (1993) in terms of the increased DS; despite that, we did not achieve a good result when we attempted to ®t our thresholds to the Boynton and Kambe equation:
in which only the dependence of S is taken into account, since in our analysis we detected in¯uences from other parameters. With our data, the ®ts obtained were: As shown in the two graphs in Figure 12a and b, this theoretic ®t is relatively good for some of the results, but not so good for the example shown in Figure 13 . Therefore, we performed additional ®ts in which other parameters were included. Nagy et al. (1987) observed the clear in¯uence of S on DS, but in accordance with their results, they also added an in¯uence of luminance on the DS threshold (reported by Smith et al. (1993) and Yeh et al. (1993) , and also by us here), so that they proposed the equation:
Our results indicate that DS did not depend on retinal illumination L 1 M when the S excitation remained constant; nevertheless, since Nagy et al. (1987) proposed a ®t that depended on S and also on L 1 M; we obtained a better ®t to our results using: new term, given that the low value of the coef®cient accompanying L 1 M indicates that the in¯uence of the retinal illumination on DS, compared with the S excitation, is not strong. Neither this ®t, nor the preceding one, showed any in¯u-ence of the L 2 2M channel on the DS threshold. Although Boynton and Kambe (1980) and Romero et al. (1993) found no evidence of this in their results, the latter suggested that it might exist for high S levels, and Miyahara et al. (1993) considered their data to be inconsistent with a model in which DS depended exclusively on S. Therefore, we completed the ®t, re¯ected in Eq. (2), adding a dependent term of L 2 2M; obtaining:
which for our experimental results was:
The graphs of Figure 12 , where this new ®t appears against the experimental data, show that this ®t corresponds to the results in ways that are similar to the ®t in which only the in¯uence of S is considered. Nevertheless, we again ®nd that, in some cases (Figure 13) , the prediction of the DS threshold that gave the ®t did not correspond to the experimental data.
In the experimental results, we found a certain independence of DS against L 2 2M when the S value was small, but this independence was not so evident when the S value was high. This was not re¯ected in any of the previous ®ts, and therefore, we tried a new one in which there appeared not only the in¯uences of S and L 1 M; but also a new term of the form S´L 2 2M: This S´L 2 2M term does not appear to have a physiological basis, but it may provide information on in¯uences between the channels to be discriminated, since it would respond to the slight in¯uence of L 2 2M on DS when the S-cone excitation is high, whereas with low S-cone excitation, the contribution of the term would be insigni®cant, and we would ®nd no DS dependence with L 2 2M; as re¯ected by our experimental results. Thus, the new ®t is represented by the equation:
For our experimental results the functions became:
In these latter ®ts, we found that the greatest in¯uences on DS are those of the S-cone excitation and then of the luminance. The coef®cients accompanying the L 2 2M excitation are greatest in each case; however, this does not signify that the in¯uence of the red±green channel on DS is more important, since the L 2 2M excitation takes very low values. That is, the in¯uence of the S cone over DS is always greater.
When the luminance levels analyzed were high, it seemed clear that the relationship between the discrimination of the tritan mechanism and luminance was weak. On the other hand, when L 1 M values were low, there might have been some contribution from the rods; however, if this exists we do not believe it to be important, since the tritan mechanism shows the same behavior at both low and high luminance levels, and the rods do not exert any in¯uence at high luminance. The last of the terms added to the ®t, S´L 2 2M; is accompanied by very small coef®cients: 0.0007 for observer JA and 0.0018 for AY. This means that the excitations of both chromatic channels do not combine in this way upon discrimination, and only when the S-cone excitation is very high can this term be important.
The graphs of Figure 12 show two examples in which our experimental results are compared with the expected thresholds for the new ®t of Eq. (6) and Eqs. (1) and (5). These examples refer to observer JA, for the stimuli which maintain the chromaticity coordinates constant in each graph. In these, we ®nd that any of the ®ts responds well to the experimental data, as mentioned above; on the other hand, that corresponding to Eq. (6) is the most similar, even showing the sharp increase caused in DS from a retinal illumination of 116 td. Another example is shown in Figure 13 , which corresponds to observer AY for a group of stimuli which maintain the S excitation constant at a value of 116 Std. In this case, it was already noted that the ®ts of Eqs. (1) and (5) did not respond to the experimental results. However, the ®t that included the term S´L 2 2M adapted much better to the results, but, as mentioned above, due simply to the addition of a new term to the ®t.
In view of the results and the coef®cients in the ®ts, we conclude that the greatest dependence of the DS threshold is on S-cone excitation, with slightly less dependence on retinal illumination L 1 M: On the other hand, the in¯u-ence of L 2 2M on DS, seen through the term S´L 2 2M; is negligible, although this is not as clear with high S values.
Conclusions
On the basis of the tritan discrimination thresholds obtained, we found that these clearly depend on the S-cone value of the stimuli, while they remained almost constant against the L 1 M retinal illumination, when S was constant as well. When we analyzed DS versus the excitation of the L 2 2M channel, we noted that this had practically no in¯uence over the threshold, in agreement with other authors. Nevertheless, according to our results, this independence of DS from L 2 2M was not so clear when the S values were higher. All these conclusions are supported by the ®ts to the experimental data, from which we conclude that the greatest dependence of the DS threshold is with S, and to a lesser extent with the retinal illumination L 1 M and the excitation level of L 2 2M:
